A new method to improve the randomized response model due to Bar-Lev, Bobovitch and Boukai (2004) is suggested. It has been observed that if two sensitive (or non sensitive) variables exist that are related to the main study sensitive variable, then those variables could be used to construct ratio type adjustments to the usual estimator of the population mean of a sensitive variable due to Bar-Lev, Bobovitch and Boukai (2004).The relative efficiency of the proposed estimators is studied with respect to the Bar-Lev, Bobovitch and Boukai (2004) models under different situations.
Introduction
The problem of estimating the population total of a sensitive quantitative variable is well known in survey sampling. Warner (1965) was the first to suggest a method to estimate the proportion of sensitive characters (e.g., induced abortions, drugs used) via use of a randomization device such as a deck of cards or a spinner such that respondents' privacy would be protected (Tracy and Mangat (1996) presented a rich description of the literature). Mangat and Singh (1990) proposed a two-stage randomized response model. Leysieffer and Warner (1976) and Lanke (1975 Lanke ( , 1976 ) studied different randomized response procedures at equal levels of protection of the respondents; later Nayak (1994), Bhargava (1996) , Zou (1997) , Bhargava and Singh (2001, 2002) and Moors (1997) found that the Mangat and Singh (1990) and Warner (1965) models remain equally efficient at equivalent protection; however, this result is not true for all Oluseun Odumade is an Associate Psychometric Analyst. Email: oluseunodumade@yahoo.com. Sarjinder Singh is an Assistant Professor in the Department of Mathematics. Email: sarjinder@yahoo.com. randomized response models (Bhargava, 1996; Bhargava & Singh, 2002) . Singh (2003) shows that the Mangat (1994) model remains more efficient than the Warner (1965) model at equal protection: note that the Mangat (1994) model is a special case of the Kuk (1990) model, which is further improved and studied by Gjestvang and Singh (2006) . A two stage model developed by Mangat and Singh (1990) was studied by both Kim and Elam (2005) and Kim and Warde (2005) . Eichorn and Hayre (1983) suggested a multiplicative model to collect information on sensitive quantitative variables such as, income, tax evasion or amounts of drugs used; this model was further studied by Arnab (1995 Arnab ( , 1996 . According to Eichorn and Hayre (1983) , each respondent in the sample is requested to report a scrambled response In a randomized response model recently developed by Bar-Lev, Bobovitch and Boukai (2004) (hereafter referred to as the BBB model), the distribution of the responses is given by: be two auxiliary sensitive variables that have a common mean (Tripathi & Chaubey, 1992) , and let i Y be the sensitive variable under study whose mean is to be estimated. Consider a simple random sample of n respondents selected with replacement (SRSWR), where each respondent selected in the sample is requested to rotate three spinners (see Figure 2) .
The first spinner is used to collect scrambled response i Z on the real study variable 
Proposed Ratio-Type Estimator A ratio estimator is defined as:
Note that:
thus, the ratio estimator (3.1) can be written in terms of ∈, δ and η as: 
Theorem 3.1: Proof Taking the expected value on both sides of (3.2) results in:
Thus the bias in the proposed ratio estimator * Ratio y is given by: 
Efficiency of the Proposed Ratio Estimator
The proposed ratio estimator * Ratio y will be more efficient than the BBB model if
Using (1.5) and (3.4), results in:
In order to see the magnitude of the proposed ratio estimator The relative efficiency of the ratio estimator depends on a few parameters such as P , 1 P , 2 P , Table 3 .2). It was observed that 724 cases exist in which the RE of the proposed ratio estimator remained between 200.9% and 499.8%.
Proposed Power Transformation Type Estimator By following the repeated substitution method developed by Garcia and Cebrian (1996) , consider a new power transformation ratio type estimator * Power y as: 
This leads to two additional theorems. 
Theorem 4.1: Proof Taking expected value on both sides of (4.2), and using Min.MSE y 
θ , 1 θ and 2 θ by holding P , 1 P , and 2 P equal to 0.7 such that the percent RE remains higher than 200% (see Table 4 .1 in the Appendix for results).
The values of Table 4 .2). It was observed that 42 cases exist where the RE of the proposed ratio estimator remained between 200.16% and 379.21%. As shown in Table 4 .1, the optimum values of α remained between -1.56 and +1.56 with a mean equal to zero, standard deviation of 0.93 and mode of 0.49.
Conclusion
In this study new ratio and power transformation type estimators were proposed and compared to the recently described BBB randomized response model. It was observed that the overall magnitude of the relative efficiency of the ratio estimator -unlike the repeated substitution method due to Garcia and Cebrian (1996) -was better than that of the power transformation estimator in the case of scrambled responses. References Arnab, R. (1995). On admissibility and optimality of sampling strategies in randomized response surveys. Sankhy a , B57, 385-390. Arnab, R. (1996) . Randomized response trials: A unified approach for qualitative data. Communications in 25(6) 
